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SUBSTAKCS P-SAPORIN (SP~SAP) CONJUGATES AND METHODS OF USE 
THEREOF 

Cross "Reference to Relatied Apolications 

This application is a continuation-in-part of application. Serial 
No. 08/890,157, filed July 9, 1997, which is incorporated by 
reference herein. 

Throughout this application, various publications may be 
referenced by Arabic numerals in parenthesis. Full citations for 
these publications may be found at the end of the Detailed 
Description of the Invention. The disclosures of all 
publications cited herein are in their entirety hereby 
incorporated by reference into this application to more fully 
describe the state of the art to which .this invention pertains. 

BACKGROUND OF THE INVENTION 

Many neurons synthesize and secrete small peptides that act on 
specific postsynaptic receptors and modify the activity of target 
neurons. Specific receptor molecules have been identified by 
binding studies and in some -cases, such as the neurokinin-1 
receptor (MK-IR) for Substance P (SP), the receptor has been 
cloned and sequenced. The NK-IR is found in m.any locations 
thought to be postsynaptic to SP-secreting terminals such as the 
cortical nucleus of the amygdala, striatum, locus coeruleus. 



rostral half of the nucleus ambiguous, nucleus tractus 
solitarius, dorsal motor nucleus of the vagus, intermediolateral 
cell column and lamina I and III of the dorsal horn of the spinal 
cord (1,2) . Studies with agonists and antagonists indicate that 
most, if not all, of the effects of S? in the mammalian CNS are 
attributable to action at the G-protein coupled NK-IR (3) . 

A number of functional roles .have, been attributed to SP in 
keeping with anatomical studies (e.g. (3)) that show neurons 
expressing SP in a number of locations throughout the' CNS, PNS 
and gut. For example, experiments utilizing injections of SP 
into the lateral ventricles have shown increases .in blood 
pressure and heart rate as well as stereotyped behaviors such as 
face washing, grooming, and wet dog shakes (3) . These autonomic 
manifestations are likely attributable to action in the medulla 
where prominent NK-IR expression has been demonstrated in the 
nucleus tractus solitarius, and stereotyped behaviors may reflect 
action in the basal ganglia and/or limbic system (1,4-6). The 
current state of knowledge, however, does not unambiguously 
identify the site of action for these and many other effects of 
SP. All of these actions are likely mediated through action of 
substance P at NK-IR (3,4). 

The best known role for SP is in nociception. Small unmyelinated 



C-fibers of the PNS that are thought to be primary nociceptive 
neurons secrete SP and glutamate. Capsaicin., an agent that can 
destroy C-fibers, produces cutaneous analgesia and is approved 
for topical use to alleviate- the pain of postherpetic neuralgia 
(Zostrix) . Capsaicin injection of neonates has long been used to 
produce animals with no C-fibers and altered threshold to painful 
cutaneous^ stimuli. S?-containing nerve terminals are present in 
the spinal nucleus of the trigeminal nerve and the superficial 
layers of the spinal dorsal horn, areas known to be important in 
pain perception (1) and rich in NK-IR (1,2). In spite of the 
development of peptide and nonpeptide antagonists of NK-IR, 
considerable controversy rem.ains about the precise role of SP 
acting at NK-IR in pain perception (7-17) . 

SUMMARY OF THE INVENTION 

This invention provides conjugates comprising Substance P, or an 
analog thereof, and a protein that inhibits protein synthesis. 
The protein may be the ribosome-inact ivat ing protein saporin 
(SAP) . 

This invention provides a method of reducing the perception of 
pain by a subject comprising administering to the' subject an 
effective am^ount of the " pharmaceutical composition of the 
conjugate comprising Substance P, or an analog thereof, and a 



protein that inhibits protein synthesis, so as to reduce the 
perception of pain by the subject. The protein may be the 
ribosome-inactivating protein SAP. 

This invention provides a method of selectively destroying NK-1 
receptor expressing cells in a subject comprising administering 
to the subject an effective amount of the conjugate comprising 
Substance P, or an analog thereof, and a protein that inhibits 
orotein synthesis, so as to selectively destroy NK-lR-expressin 
cells. The protein, may be* ribosome-inactivating protein SAP. 

This invention also provides a method for treating a MK-1 
receptor associated disorder in a subject, which comprises 
administering to the subject an amount of the pharmaceutical 
composition comprising Substance P, or an analog thereof, and a 
protein that inhibits protein synthesis, to thereby treat a 
disorder associated with the.NK-lR. The protein may be the 
ribosome-inactivating protein SAP . 

BRIEF DESCRIPTION OF THE FIGURES 

Figure 1: Sodium dodecyl sulfate polyacrylamide gel 

electrophores-is of SP-SA.P. 

Figure 2: Sodium dodecyl sulfate polyacrylamide gel 

electrophoresis of [Sar^, Met (0,) ~S?-SAP . 

Figure 3: Protein synthesis inhibition by saporin, 

derivatized saporin (SAP-SPDP) ^ and^ SP-SAP .. 



Figure 4: Inhibition of radiolabeled SP binding to spinal 

cord membrane homogenates by SP-SAP." 

Figure '5: Cytotoxicity of SP-SA? to KNRK cells and KNRK 

cells transfected with the NK-1 receptor. 

Figure 6: Inhibition of SP-SA? demonstrates that 

cytotoxicity is mediated by SP. 

Figure 7: Cytotoxicity of Stable SP-SAP to KNRK cells 

transfected with the NK-IR. 

Figure 8A-D: Internalization and cytotoxicity of SP-SAP in 

^ primary cultures of neonatal spinal cord neurons. 

Figure 9A-C: NK-lR-immunof luorescence in lamina I neurons of 

the spinal cord following SP-SAP treatment. 

Figure lOA-B: Cytotoxicity following intrathecal infusion of SP 

SA.P in the spinal cord. 

Three behavioral parameters following intrathecal 
infusion of saline, SAP or SP-SAP at "'day 0. 

Synthesis of Substance P- Saporin, (SEQ ID Nos , 3 
and 4) . 

DETAILED DESCRIPTION OF THE INVENTION 

This invention provides a conjugate com.prising. Substance P and 
Saporin (SP-SAP). In one embodiment the conjugate comprises an 
analog of Substance P. In another embodimtent the conjugate 
comprises an analog of Saporin. 

This invention provides a conjugate comprising a Substance P 

analog having the amino acid* sequence 

CYGGGGGGRPKPQQFFSarLMet (O2) -amide (SEQ ID No. 1) and Saporin 
( [Sar^ Met (O2.) -SP-Sx2\P) . This invention provides a conjugate 
comprising a Substance P analog having the amino acid sequence a 



Figure llA-C: 
Figure 12A-E: 



the N- terminus CYGGGGGGRPKPQQFFGLM-amide (SEQ ID Mo. 2) and 
Saporin (3P-SAP) . ■ 

This invention provides a conjugate comprising Substance ? and a 
5 ribosome-inact ivat ing protein. 

This invention provides a conjugate comprising a Substance P 
analog having the amino acid sequence 

CYGGGGGGGRPKPQQFFSarLLMet (O2) -amide and a ribosome-inactivating . 
10 protein. In one embodiment the ribosome-inact ivat ina crotein is 

ricin A (z'rva.i.x\, gelonin, pokeweed antiviral protein, or a 
bacterial toxin that inhibits protein synthesis, such as 
diphtheria toxin or pseudomonas aeruginosa toxin or fragments 
thereof. 

15 

This invention provides a conjugate comprising a Substance P 
analog having the amino acid sequence CYGGGGGGGRPKPQQFFGLM-amide 
and a ribosome-inactivating protein. In one embodiment the 
ribosome-inactivating protein is ricin .A chain, gelonin, pokeweed 
20 antiviral protein, or a bacterial toxin that inhibits protein 
synthesis, such as diphtheria toxin or pseudomonas aeruginosa 
toxin or fragments thereof. 
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Substance F can be attached to Saporin through a chemical bond, 
or the composition can be prepared as a chimera using techniques 
of recombinant DNA. The conjugate can be used to treat Substance 

or an analog thereof, mediated pathophysiological conditions 
by- specifically targeting cells having Substance P, or an analog 
thereof, receptors and inhibiting proliferation of or causing 
death of such cells. Additionally, the conjugate, can be used to 
target cytotoxic agents into cells having Substance P, or an 
analog thereof, receptors to inhibit the proliferation of such, 
cells. Saporin and Saporin derivatives are known to the skilled 
in the art. Saporin is a potent r ibosome-inact ivat ing protein 
(RIP) which is isolated from the seeds of the plant Saponaria 
officinalis (13) . 

This invention provides a fusion protein comprising the amino 
acid sequence encoding Substance P and Saporin. This invention 
provides a recombinant nucleic acid molecule comprising an 
isolated nucleic acid molecule encoding Substance P and Saporin. 

In .one embodiment Saporin is conjugated to an agent. Such agents 
include but are not limited to the following: alkaline 
phosphatase , beta-galactosidase, glucose -5 -phosphate 
dehydrogenase, maleate dehydrogenase and peroxidase, 
chemiluminescent agents which include luminol, isoluminol, 

7 



aromatic acridinium esters, imidazoles, acridiaiuin salts, and 
oxalate esters. Similarly, bioluminescent compounds may be 
utili-zed for labeling, the bioluminescent compounds including 
luciferin, luciferase, and aequorin. 

In another embodiment Saporin is conjugated to an antibody. An 
antibody, polypeptide or isolated nucleic acid molecule may be 
labeled with a detectable marker including, but not limited to: a 
radioactive label, or a color imetric , a luminescent, or a 
-fluorescent marker, or gold. Radioactive. ' labels include, but are 
not limited to: ^H, ^'C, ^-P, ^^p, ^^S, ^^Cl, ^-Cr, ^'Co, 59Co, ^^Fe, 
90y^ --^I, '^-^I, and ^''°Re . Fluorescent markers include, but are not 
limited to: fluorescein, rhodamine and auramine . Colorimetric 
markers include, but are not' limited to: biotin, and digoxigenin. 
Further, the antibody, polypeptide or nucleic acid molecule may 
be detected by a second antibody that may be linked to an enzyme, 
such as alkaline phosphatase or horseradish peroxidase. Other 
enzymes' which may be employed are well known to one of ordinary 
skill in the art . . 

Antibodies or antibody fragments that would be useful would be 
antibodies to the NK~1R. Antibody fragments useful in the 
present invention include F(abi)2, F(ab)2, Fabi, Fab, Fv and the 
like including hybrid fragments. Preferred fragments are Fabi, 
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F(abi)2, Fab, and F(ab)2. Also useful are any subf ragment s 
retaining the hypervar iable , antigen-binding region of an 
immunoglobulin and having a size similar to or smaller than a 
Fabi fragment. This will include genetically engineered and/or 
recombinant proteins, whether single-chain or multiple-chain, 
that incorporate an antigen binding site and otherwise function 
in vivo as targeting vehicles in substantially the same way as 
natural immunoglobulin fragments, Fabi antibody fragments may b 

■ » 

conveniently made by reductive cleavage of F(abi)2 fragments,-, 
which themselves may be made by pepsin digestion of intact 
immunoglobulin. Fab antibody fragments may be made by papain' 
digestion of intact immunoglobulin, under reducing conditions, o 
by cleavage of F(ab)2 fragments which result from careful papain 
digestion of whole immunoglobulin. The fragments may also be 
produced by genetic engineering. 

Antibodies against tumor antigens and against pathogens are 
known. For example, antibodies and antibody fragments that 
specifically bind markers produced by or associated with turners 
or_ infectious lesions, including viral, bacterial, fungal and 
parasitic infections, and antigens and products associated with 
such microorganisms. In particular, antibodies against an 
antigen, e.g., a gastrointestinal, lung, breast, prostate, 
ovarian, testicular, brain or lymphatic tumor, a sarcoma or a 



melanoma, are advantageously used. 

This invention provides a pharmaceutical composition comprising a 
therapeutically effective amount of the conjugate comprising. 
5 ■ Substance P and Saporin (SP-SAP) and a pharmaceut ically 
acceptable carrier. 

This invention provides a pharmaceutical composition comprising a 
therapeutically effective amount of the conjugate comprising a. 
10 Substance P analog having the amino acid sequence 

CYGGGGGGRFKPQQFFSarLMet (O2) -amide (SEQ ID NO. 1) and a 
pharmaceut ically acceptable carrier. 

This invention provides a pharmaceutical composition comprising a 
15 therapeutically effective amount of the conjugate comprising a 
Substance ? analog having the amino acid sequence 
CYGGGGGGRPKPQQFFGLM-ami.de (SEQ ID NO, 2) and Saporin and a 
pharmaceut ically accepuable carrier. 

20 This invention provides a pharmaceutical composition comprising a 
therapeutically effective amount of the conjugate comprising 
Substance P and a ribosome-inactivat ing protein and a 

* 

pharmaceut-icaiiy acceptable carrier. 
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This invention provides a pharmaceutical composition comprising a 
therapeutically effective amount of the conjugate comprising a 
Subst-ance P analog having the amino acid sequence 

CYGGGGGGRPKPQQFFSarLMet (O.) -amide (SEQ ID NO. 1) and a ribosome- 
inactivating protein and a pharmaceutically acceptable carrier. 
In one embodiment the ribosome-inactivat ing protein is ricin A 
chain, ge^ionin, pokeweed antiviral protein, or a bacterial toxin 
that inhibits protein synthesis, such as diphtheria toxin or 
pseudomonas aeruginosa toxin or fragments thereof. 

This invention provides a pharmaceutical composition comprising a 
therapeutically effective amount of the conjugate comprising a 
Substance P analog having the amino acid sequence 
CYGGGGGGRPKPQQFFGLiyi-amide (SEQ ID NO. 2) and a ribosome- 
inactivating protein and a pharmaceutically acceptable carrier. 
In one embodiment the r ibosome-inactivating protein is ricin A 
chain, gelonin, pokeweed antiviral protein, - or a bacterial toxin 
that inhibits protein synthesis, such as diphtheria toxin or 
pseudomonas aeruginosa toxin or fragments thereof. 

In one embodiment the pharmaceutical composition further 
comprises a cytokine. Examples of cytokines include but are not 
lim.ited: transforming growth factor beta, epidermal growth factor 
family, fibroblast growth factors, hepatocyte growth factor, 
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insulin-ii ke growth factors, B-aerve growth factor, platelet- 
derived growth factor, vascular endothelial growth factor, 
interleukin 1, IL-1 receptor antagonist, interlsukin 2, 
interleukin 3, interleukin 4, interleukin 5, interleukin 6, IL-6 
soluble receptor, interleukin 7, interleukin 8, interleukin 9, 
interleukin 10, interleukin 11, interleukin 12, interleukin 13, 
angiogenin, chemokines, colony stimulating factors, granulocyte- 
macrophage colony stimulating factors, erythropoietin, 

% 
% 

interferon, interferon gamma, leukemia inhibitory factor, 
oncosta.tin M, pleiot rophin, secretory "leukocyte .protease 
inhibitor, stem cell factor, tumor necrosis factors, and soluble 
TNF receptors.. 

This invention provides a method of 

reducing/alleviating/decreasing the perception of pain by a 
subject comprising administering to the subject an effective 
amount of the pharm.aceut ical composition comprising a 
therapeutically effective amount of the conjugate comprising 
Substance P and Saporin (SP-SAP) and a. pharmaceut ically 
acceptable carrier so as to reduce the perception of pain by th 
sub j ect . 

This invention provides a method of reducing the perception of 
pain by a subject comprising administering to the subject an 

12 



effective amount of the pharmaceutical composition comprising a 
therapeutically effective amount of the conj-ugate comprising a 
Substance P analog which has the amino acid sequence 
CYGGGGGGRPKPQQFFSarLMet ( O2) -amide (SEQ ID NO. 1) and Saporin 
5 ( [Sar-, Met ( O2) ] -SP-SAP) and a pharmaceutically acceptable 

carrier "so as to reduce the perception of pain by the subject. 

This invention provides a method of reducing the perception of 
pain by a subject comprising administering to the subject an 

10 effective amount of -the pharmaceutical composition comprising a 
therapeutically effective amount of the conjugate comprising a 
Substance P analog which has the amino acid " sequence. 
CYGGGGGGRPKPQQFFGLM-amide (SEQ ID NO. 2) and Saporin (SP-'SAP) and 
a pharmaceutically acceptable carrier so as' to reduce the 

15 perception of pain by the subject. 

This invention provides a method of reducing the perception of 
pain by a subject comprising administering to the subject an 
effective amount of the pharmaceutical . composition comprising, a 
20 therapeutically effective amount of the conjugate comprising a 
Substance P analog which has the amino acid sequence 
CYGGGGGGRPKPQQFFSarLMet {O2) -amide (SEQ ID NO. 1) and a ribosome- 
inactivating protein and a pharmaceutically acceptable carrier so 
as to reduce the perception of pain by the subject. 

13 



This invention provides a method of reducing- the perception of 
pain -by a subject comprising administering to the subject an 
effective amount of the pharmaceutical composition comprising a 
therapeutically effective amount of the conjugate comprising a 
Substance ? analog which has the amino acid sequence 
CYGGGGGGRPKPQQFFGLiM-amide (SEQ ID NO, 2) and a ribosome- 
inactivating protein and a pharmaceutically acceptable carrier s 
as to reduce the perception of pain by the subject. 

This invention provides a method of reducing the perception of 
pain by a subject comprising administering .to the subject an 
effective amount of the pharmaceutical composition comprising a 
therapeutically effective amount of the conjugate comprising 
Substance P and a ribosome-inactivat ing protein and a 
pharmaceutically acceptable carrier so as to reduce the 
perception of pain by- the subject. In one embodiment the 
ribosome-inactivat ing protein is.ricin A chain, gelonin, pokewee 
antiviral protein, . or a bacterial toxin that inhibits protein, 
syrithesis, such as diphtheria toxin, pseudomonas aeruginosa toxi 
or fragments thereof. 

This invention provides con j ugates of Substance P and analogs of 
Saporin, For example, analogs of Saporin include but are not 
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limited to Cys'^-SAP, and Gly-SAP. An analog according to the 
present invention may be an analog of gelonin. An analog 
according to the present invention may be an analog of barley 
ribosome-inact ivating protein. An analog according to the 
present invention may be an analog of momordin II , The present 
invention also provides a polynucleotide encoding an analog of a 
Type I ribosome-inactivating protein. The present invention also 
provides an agent toxic to a cell including an analog of a Type I 
ribosome-inactivating protein linked by a disulfide bond through 
a cysteine to a molecule which specif ically binds to the cell, 
which cysteine is at an amino terminus of the analog. 

Substance or an analog thereof, can be used, to target the 
cytotoxic agent to cells expressing Substance P receptors in 
order to cause cell death. 

This invention provides a method of selectively destroying NK~1R- 
expressing cells in a subject comprising administering to the 
subject ■ an 'effective amount of the pharmaceutical composition . 
comprising a therapeutically effective amount of the conjugate 
comprising Substance P and Saporin and a pharmaceut ically 
acceptable carrier so as to selectively destroy NK-l-expressing 
cells . 



This invention provides a method of selectively destroying MK-lR- 
expressing cells in a subject comprising administering to the 
subject an effective amqunt of the pharmaceutical composition 
comprising a therapeutically effective amount of the conjugate 
comprising a substance P analog such as [Sar% Met (O2) -SP or SP 
and Saporin and a pharmaceut ically acceptable carrier so as to 
selectively destroy NK-lR-expressing cells. 

This invention provides a method of selectively destroying NK-IR- 
expressing cells in a sub j ect" comprising administering to "the 
subject an effective amount of the pharmaceutical composition 
comprising a therapeutically effective amount of the conjugate 
comprising a substance P analog such as [Sar^, Met (O,) "SP or SP 
and a r ibosome-inact ivat ing protein and a pharmaceut ically 
acceptable carrier so as to selectively destroy NK-lR-expressing 
cells. In one embodiment the ribosome-inactivat ing protein is 
ricin A chain, gelonin, pokeweed antiviral protein, or a 
bacterial toxin that inhibits protein synthesis, such as 
diphtheria toxin, pseudomonas aeruginosa toxin or fragments 
thereof. 

This invention provides a method of treating a subject with 
cancer comprising administering to the subject an effective 

amount of the pharmaceutical composition comprising a 
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therapeutically effective amount of the conjugate comprising a 
substance P analog such as [Sar^, iMet (O2) -S? or Substance ? and 
Saporin and a pharmaceut ically acceptable carrier so as to treat 

the cancer. 

This invention provides a method of treating a subject with 
cancer comprising administering to the subject an effective 
amount of the pharmaceutical composition comprising a 

1 
% 

therapeutically effective amount of the conjugate comprising a 
substance P analog such as [Sar^, iMet (O2 j -SP or SP and Saporin 
and a pharmaceutically acceptable carrier so as to treat the 
cancer . 

This invention provides a method of treating a subject with 
cancer comprising administering to the subject an effective 
amount of the pharmaceutical composition comprising a 
therapeutically effective amount of the conjugate comprising a 
substance ? analog such as [Sar^, Met (O2) -SP or SP and a 
ribosome-inact ivat ing protein and a pharmaceutically acceptable 
carrier so as to treat the cancer. In one embodiment the 
ribosome-inact ivat ing protein is ricin A chain, gelonin, pokeweed 
antiviral protein/ or a bacterial toxin that inhibits protein 
synthesis, such as diphtheria toxin, pseudomonas aeruginosa toxin 
or fragments thereof. 

17 



This invention provides a method for treating a NK-lR-associated 
disorder in a subject, which comprises administering to the 
subject an amount of the pharmaceutical composition comprising a 
therapeutically effective amount of the conjugate comprising 
Substance P and Saporin and a pharmaceut ically acceptable carrie 
thereby treating the disorder associated with the NK-IR. 

This invention provides a method for treating a NK-lR-associated 
disorder in a subject, which comprises administering to the 
subject an amount of the pharmaceutical composition comprising a 
therapeutically effective amount of the conjugate comprising a 
Substance P analog such as [ Sar^, Met ( O2 ) ] -S P or S? and Saporin 
and a pharmaceut ically acceptable carrier thereby treating the 
disorder associated with the NK-IR. 

This invention provides a method for treating a NK-lR-associated 
disorder in a subject, which comprises administering to the 
subject an amount of the pharmaceutical composition comprising a 
therapeutically effective amount of the conjugate comprising a 
Substance P analog such as [ Sar-, Met ( 0, ) -SP or SP and a 
ribosome-inact ivating protein and a pharmaceut ically acceptable 
carrier thereby treating the disorder associated with the NK-IR. 
In one embodiment the ribosome-inact ivating protein is ricin A 

18. 



chain, gelonin, pokeweed antiviral protein, or a bacterial toxin 
that inhibits protein synthesis, such as diphtheria toxin, 
pseud'omonas aeruginosa toxin or fragments thereof. 

These disorders or diseases include but are not limited to: 
respiratory conditions (e.g. asthma, allergic rhinitis), 
ophthalmi/C conditions (e.g. conjunctivitis), cutaneous conditions 
(e.g. allergic dermatitis, dermatitis by contact, psoriasis), 
intestinal conditions (e.g. ulcerative colitis, Crohnis diseas^e) , 
gastrointestinal tract, central nervous system disorders such as 
anxiety and psychosis, inflammatory diseases such as rheumatoid 
arrhritis and inflammatory bowel diseases, as well as pain in any 
of the aforesaid conditions, including migraine. 

Other disorders or diseases include but are not limited to: 
Alzheimeris disease, multiple sclerosis, attenuation of morphine 
withdrawal, cardiovascular changes, oedema, such as oedema caused 
by thermal injury, chronic inflammatory diseases such as • 
rheumatoid arthritis, asthma/bronchial hyperactivity and- other 
respiratory diseases including allergic rhinitis, inf larrimatory 
diseases of the gut including ulcerative colitis and Crohnis. 
disease, ocular injury and ocular inflammatory diseases, 
proliferative vitreoret inopathy , irritable bowel syndrome and 
disorders of bladder function including cystitis and bladder 



detrusor hyperref lexia , dsmyelinat ing diseases such as multiple 
sclerosis and amyotrophic lateral sclerosis,- asthmatic disease, 
small cell carcinomas, in particular small cell lung cancer, 
depression, dysthymic disorders, chronic obstructive airways 
5 disease, hypersensitivity disorders such as poison ivy, 

vasospastic diseases such as angina and P.eynauldis disease, 
fibrosing, and collagen diseases such as scleroderma and 
eosinophilic fascioliasis ,• reflex sympathetic dystrophy such as 
shoulder /hand syndrome, addiction disorders such as alcoholism-, 

10 stress related somatic disorders, neuropathy,' neuralgia , disorder 
related to immune enhancement or suppression such as systemic 
lupus erythmatosis conjunctivitis, vernal conjunctivitis, contact 
dermatitis, atopic dermatitis, urticaria, and other eczematoid 
dermatitis and emesis; central nervous system disorders such as 

15 anxiety, depression, psychosis and schizophrenia; 

neurodegenerative disorders such as AIDS related dementia, senile 
dementia of the Alzheimer type, Alzheimeris disease and Downis 
syndrome; demyelinating diseases such as multiple sclerosis (MS) 
and amyotrophic lateral sclerosis (ALS; Lou Gehrigis disease) and 

20 other neuropathological disorders such as peripheral neuropathy 
inflammatory diseases such as inflammatory bowel disease, 
irritable bowel syndrome, psoriasis, fibrositis, ocular ' 
inflammation, osteoarthritis and rheumatoid arthritis, allergies 
such as eczema and rhinitis; hypersensitivity disorders such as 

20 



poison ivy; ophthalmic diseases such as conjunctivitis, vernal 
conjunctivitis, dry eye syndrome, and the like; cutaneous 
diseases such as contact dermatitis, atopic dermatitis, 
urticaria, and other eczematoid dermatitis; oedema; such as 
oedema caused by thermal injury; addition disorders such as 
alcoholism; stress related somatic disorders; reflex sympathetic 
dystrophy such as shoulder /hand syndrome; dysthymic disorders; 
neuropathy, such as diabetic or peripheral neuropathy and 

« 

chemotherapy-induced neuropathy; postherpetic and other 

neuralgias; asthma; osteoarthritis; rheumatoid arthritis; and 
especially migraine. 

The subjects to be treated or whose tissue may be used herein may 
be a mammal, or more specifically a human, horse, pig, rabbit, 
dog, cat, m.onkey, or rodent. In the preferred embodiment the 
subject is a human. 

The invention includes the pharmaceutically acceptable salts and 
complexes of all the compounds described herein. The salts 
include but are not limited to the following acids and bases. 
Examples of suitable inorganic acids include, but are not limited 
to: hydrochloric acid, hydrofluoric acid, hydrobromic acid, 
hydroiqdic acid, sulfuric acid and boric acid. Examples of 
suitable organic acids include but are not limited to: acetic 
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acid, trif luoroacecic acid, formic acid,, oxalic acid, malonic 
acid, succinic acid, tartaric acid, maleic acid, fumaric acid, 
methanesulf onic acid, trif luoromethanesulf onic acid, benzoic 
acid, glycolic acid, lactic acid, citric acid and mandeiic acid. 
5 Examples of suitable inorganic bases include, but are not limited 
. to: ammonia, hydroxyethy lamine and hydrazine. Examples of 
suitable ^organic bases include, but are not limited to, 
met hy lamine , ethyl amine , t rime thy lamine-, trie thy lamine , 
ethylenediamine , hydroxyethylamine , morpholine, piperazine and 
10 guanidine. The invention further provides for the hydrates and 
polymorphs of all of the compounds described herein. 

In one preferred embodiment, the pharmaceutical carrier may be a 
liquid and the pharmaceutical composition would be in the form of 

15 a solution. In another equally preferred em.bodiment, the 
pharmaceutically acceptable carrier is a solid and the 
pharmaceutical composition is in the form of a powder or tablet. 
In a further embodiment, the pharm.aceut ical carrier is a gel and 
the pharmaceutical com.position is in the form of a suppository or 

20 cream. In a further embodiment, the compound may be formulated 
as part of a pharmaceutically acceptable transdermal patch . 

A solid carrier can include one or more substances which may also 
act as flavoring agents, lubricants, solubilizers , suspending 
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agents, fillers, glidants, compression aids, binders or table- 
disintegrat.ing agents, it can also be an encapsulating material. 
In powders, the carrier 'is a finely divided solid that is in 
adm.ixture with the finely divided active ingredient. In tablets, 
the act ive - ingredient is mixed with a carrier having the 
necessary compression properties in suitable proportions and 
compacted in the shape and size desired- The powders and tablets 
preferably contain up to 99% of the active ingredient. Suitable 
solid carriers include, for example, calcium phosphate, magnesium 
stearate, talc, sugars , • lactose, . dextrin, starch, gelatin, 
cellulose, polyvinylpyrrolidine, low melting waxes and ion 
.exchange resins. 

Liquid carriers are used in preparing solutions, suspensions, 
emulsions, syrups, elixirs and pressurized compositions. The 
active ingredient can be dissolved or suspended in a 
pharmaceut ically acceptable liquid carrier such as water, an 
organic solvent, a mixture of both, or pharmaceut ically 
acceptable oils or fats. The liquid carrier can contain other 
suitable pharmaceutical additives such as solubilizers, 
emulsifiers, buffers, preservatives, sweeteners, flavoring 
agents, suspending agents, thickening agents, colors, viscosity 
regulators, stabilizers or osmo-regulators . Suitable examples of 
liquid carriers for oral and parenteral administration include 
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water (partially containing additives as above, e.g. cellulose 
derivatives, preferably sodium carboxymethyl cellulose solution), 
alcohols (including monohydric and polyhydric alcohols, e.g. 
glycols) and their derivatives, and oils (e.g. fractionated 
coconut oil and arachis oil) . For parenteral administration, the 
carrier can also be an oily ester such as ethyl oleate and 
isopropyl myristate. Sterile liquid carriers are useful in 
st-erile liquid form compos it ions . for parenteral administration. 
The liquid carrier for pressurized compositions can be 
halogenated hydrocarbon or other pharmaceutically acceptable 
propellant, which are useful for intranasal administration. 

Liquid pharmaceutical compositions which are sterile solutions or 
suspensions can be utilized for intramuscular, intrathecal, 
intratracheal, epidural, intraperitoneal or subcutaneous 
injections. Sterile solutions can also be administered 
intravenously. The compounds may be prepared as a sterile solid 
composition that may be dissolved 'or suspended at the time of 
administration using sterile water, saline, or other appropriate 
sterile injectable medium. Carriers are intended to include 
necessary and inert binders, suspending agents, lubricants, 
flavorants, sweeteners, preservatives, dyes and coatings. 
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The compound can be administered in the form of a sterile 
solution or suspension containing other solutes or suspending 
agents, for example, enough saline or glucose to make the 
solution .isotonic, bile salts, acacia, gelatin, sorbitan 
monoleate, polysorbate 80 (oleate esters of sorbitol and its 
anhydrides copolymer i zed with ethylene oxide) and the like. 

Examples of suitable pharmaceutical carriers include any of the 
standard pharmaceutically accepted carriers known to those of' 
ordinary skill in the art. Examples of such, pharmaceutical 
carriers include, but are not limited to, phosphate buffered 
saline solution, water, emulsions such as oil/water emulsions or 
a triglyceride emulsion, various types of wetting agents, 
tablets, coated tablets and capsules. A suitable 

pharmaceutically acceptable carrier may be selected taking into 
account the chosen mode of administration. 

Besides containing an effective amount of the compounds described 
herein the pharmaceutical compositions, may also- include suitable 
diluents, preservatives, solubilizers , emulsifiers, adjuvant 
and/or carriers. 

The resulting pharmaceutical compositions may be liquids or 
lyophilized or otherwise, dried formulations. Examples of 
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suitable diluents include, but are not limited to, Tris-HCL, 
Tris-acetate and Tris-phosphate . The diluents employed may vary 
in their buffer content/ pH and/or ionic strength. Examples of 
representative additives that may be used in the present 
invention include, but are not limited to: albumin or gelatin to 
prevent absorption to surfaces, detergents (e.g., Tween 20, Tween 
80, Plurpnic F68, bile acid salts), solubilizing agents (e.g., 
Thimerosal, benzyl alcohol), bulking substances or tonicity 
modifiers (e.g., lactose, mannitol), covalent attachment of 
polymers such as polyethylene glycol to. the protein, complexation 
with metal ions, or incorporation of the material into or onto 
particulate preparation of polymeric compounds such as polvlactic 
acid, polyglycolic acid, polyvinyl pyrrolidone, etc. or into 
liposomes, microemulsion-s , micelles, unilamellar or multimeller 
vesicles, erythrocyte ghosts, or spheroplasts , Such compositions 
will influence the physical- state, solubility, stability, rate of 
in vivo release, and race of in vivo clearance of the compounds. 



Examples of optional ingredients which may be included in the- 
pharmaceutical compositions of the present invention include 
antioxidants, e.g., ascorbic acid; low molecular weight (less 
than about the residues) polypeptides, i.e., polyarginine or 
tripeptide; proteins, such as serum albumin, gelatin, or 
immunoglobulins; amino acids, such as glycine, glutamine acid, 



26 



aspartic acid, or arginine; chelating agents such as EDTA; and 
sugar ^ alcohols such as mannitol or sorbitol." 



The choice of composition will depend on the physical and 
chemical properties of the compounds. Controlled or sustained 
release compositions include formulation of lipophilic deposits 
(e.g., f,atty acids, waxes, oils). Also comprehended by the 
invention are particulate compositions coated with polymers 
(e.g., poloxamers or poloxamines) and compounds coupled to 
antibodies directed against tissue-specific receptors, ligands or 
antigens or coupled to ligands of tissue-specific receptors. 
Other embodiments of the compositions of the invention 
incorporate particulate forms of protective coatings, protease 

inhibitors or permeation enhancers for various routes of 

(' 

administration, including parenteral, pulmonary, nasal and oral. 



Optimal dosages to be administered may be- determined by those 
skilled in the art,, and will vary with the particular compound in 
use, the strength of the preparation, the mode of administration, 
and the advancement of the disease condition. Additional factors 
depending on the part icular _ sub j ect being treated, including 
subject age, weight, gender, diet and time of administration, 
will result in a need to adjust dosages. Administration of the 
compound may be effected continuously or intermittently. 
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In any , treatment regimen, the composition may be administered to 
a patient either singly -or in a cocktail containing two or more 
targeted toxins, other therapeutic agents, compositions, or the 
like, including, but not limited to, immunosuppressive agents, 
tolerance-inducing agents, potentiators and side-effect relieving 
agents. ^ Part icular ly preferred are immunosuppressive agents 
useful in suppressing allergic reactions of a host. Preferred 
immunosuppressive agents include prednisone, prednisolone, 
DECADRON (Merck, Sharp & Dohme, West Point, Pa.), 
cyclophosphamide , cyclosporine, 6-mercaptopur ine , methotrexate, 
azathioprine and i.v. gamma globulin or their combination. 
Preferred potentiators include monensin, ammonium chloride, 
perhexiline, verapamil, am.antadine, and chloroquine. All of 
these agents are administered in generally-accepted efficacious 
dose ranges such as those disclosed in the Physician's Desk 
Reference, 41st Ed., Publisher Edward R. Barnhart, N.J. (1987). 

In the treatment, a.n appropriate dosage level will generally be 
about 0.001 to 50 mg per kg patient body weight per day that can 
be administered in single or multiple doses. Preferably, the 
dosage level will be about 0.005 to about 25 mg/kg per day; more 
preferably about 0.01 to about lOmg/kg per day; and' even more 
preferably about 0.05 to about Img/kg per day. 
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This invention is further illustrated in the Experimental Details 
Sections that follow. These sections are set forth to aid in 
understanding the invention but are not intended to, and should 
not be construed to, limit in any way the invention as set forth 
5 in the claims that follow thereafter. 

EXPERIMENTAL DETAILS SECTIONS 

Development of a way to selective.ly destroy the NK-lR-expressing 

iO neurons not only would greatly enhance our understanding of the 
role of these neurons and S? in nociception, but also would 
reveal new approaches to the management of chronic, intractable 
pain. Similarly, selective lesioning of NK-lR-expressing neurons 
in the basal ganglia, medullary autonomic centers, the limbic 

15 system or gut would provide novel and useful information that 
would further our understanding of the function of S? in these 
locations as well as lead to possible therapeutic strategies. 
Moreover, the availability of specific, reversible antagonists 
and agonists for NK-IR and NK-3R would complement lesions made by 

20 a specific cytotoxin, and allow comparison of acute/reversible 
vs.. chronic/irreversible impairment of NK-IR neuron activation. 
The advantages of NK-IR lesions would result from their long-term 
effects that would permit detailed physiological neurochemical 
and behavioral analysis of changes produced by selective loss of 

25 NK-1R+ neurons. The short acting, reversible antagonists are 
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available to confirm or validate the findings obtained with SP- 
SAP lesions, an important advantage when developing a novel 
experimental approach. 

Cytotoxins that are specific for NK-lR-bearing cells were made. 
These cytotoxins are produced by conjugatio-n of SP or 
[Sar^, LMet/(02) -M -SP, an agonist of SP, to saporin (SAP), a potsat 
ribosome-inactivat ing protein. SP or its agonists bind to NK-IR, 
the conjugate is internalized, and SAP inactivates the neuronal 
protein synthesis mechanism, which results in cell death. The 
results indicate that spinal intrathecal injections of substance 
P-saporin (SP-SAP) or [Sar% Met { O2) -SP-SAP can be used to 
lesion NK-IR expressing neurons of the dorsal horn, and suggest 
that this lesion may decrease pain perception. 

Synthesis of SP^SAP and [ Sar^ , Me t ( Oj) -SP-SAP : An N-terminal- 
extended form of SP was synthesized (Bio-Synthesis, Inc., 
Lewisville TX) : CYGGGGGGRPKPQQFFGLM-amide (SP) (SEQ ID NO. 2) or 
CYGGGGGGRPKPQQFFSarLMet (O2) -amide ( [Sar^ Met (0,) '^M -SP) .(SEQ ID" NO. 
1)-. These analogs keep the C-terminal intact, as is required for 
SP activity; N-terminal modification is allowed (19). The N- 
terminal Cys possesses the free sulfhydryl which is able to react 
with pyridyl dithione-derivat ized SAP. This creates a disulfide 
linkage that has been thought to be necessary in toxin conjugates 

30 



(20). Saporxn was der i vat i zed with N-succinimidyl-3- [ 2- 
pyridyldithio] proprionate (SPDP) (21). The reaction product is 
heterogeneous, with a mixture of zero, one, two and three pyridvl 
dithio groups attached to SAP under the conditions used. As seen 
in Table 1, mono-derivatized SAP was able to be purified by the 
published protocol (21) . 

Table 1 . 

Analysis of chromatographic fractions from Ion-exchange 
purification of mono-derlvatlzed saporin . 

fraction protein pyrldyl ratio 

number concentration (]1M) thione 



(PT) (um) 


do tein/PT 






d 9. 


6.5 


10 . 9 


1.7 


^ — ^ 


9.7 


14 . 9 


1 . 5 


50 


12 . 6 


17 . 6 


1 . 4 


51 


13 . 2 


17 .6 


1 . 3 


52 


12 ..6 


18 . 7 


1.5 


53 


12.2 


17.4 


1 . 4 


54 


16.6 


17 . 9 


1 . 1 


55 


19 . 5 


.19.7 


1 . 0 


56 


26.3 


22*3 


0 . 85 


57 


28 . 6 


26.0 


0.91 


58 


35 . 7 


26.7 


. 0.7 4 


59 


35. 9 


27.1 


0 .75 


60 


4 0.7 


2 9.8 


0 . 73 
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61 36.8 27,1 0.74 

62 , 34.2 22.3 0.65 

63 '28.6 • 15.8 0.59 
6 4 27.1 11.8 0.43 

65 27.1 5.7 0.21 

66 31.1 1.5 0.05 
Pooi56-61/ .32.0 32.1 1.0 



A five-foid excess of SP or [ Sar^, Met (■ O2) -SP • was added to the 
mono-derivat ized SAP. Within 20 minutes, the reaction has gone 
to completion, as determined by pyridyl thiol release. Excess S 
or [Sar^, Met (O2) *M -SP is removed by extensive dialysis. 
Subsequent analysis by sodium dodecyl sulfate polyacry lamide gel 
electrophoresis (SDS-PAGE) and Western blotting determined that 
the resulting product was a single molecule of SP or 
[Sar^, Met (O2) -SP linked to a single SAP through a disulfide' 
linkage (Figures" 1 and 2) . 

Another method of synthesis is the use of a Cys'--SAP that is 
produced by recombinant means. This material is reduced by a 
reducing agent such as dithiothreitol and then purified from the 
reducing agent in a buffer that contains a low level, of material 
that retains the sulfhydryl of the Cys-1 as the reduced form, 



such as, but not limited to, ( ethylenedintrilo ) - tetraacet ic acid 
or its -sodium salt. The Cys-l-SAP is then added to an excess 
quantity of an analog of substance P that is extended on the 
amino terminus and that contains a cysteine that is modified with 
a pyridyly thione group. An example of that,- but not limited to, 
would be N ( PyS) CYGGGGGGRPKPQQFFGLM-amide (SEQ ID NO. 5). 

Electrophoresis was performed with 16% Tricine gels in "a mini-gel 
system (Bio-Rad, Richmond CA) according to the manufacturer's- 
instructions. Transfer to nitrocelluse was performed with a 
Trans-Blot SD Semi-Dry Transfer Cell (Bio-Rad) . Staining. was as 
described (22). SP-SAP was elect rophoresed and the migration 
compared to that of SAP. In Figure 1, Lanes A and B are stained 
with Coomassie staining; lanes C and D are from Western blots 
using anti-SP. A) SP-SAP, B)SAP, C) SP-SAP, D) SP-SAP under reducing 
conditions. The migration of SP-SAP shows a single band with a 
slight increase in the molecular weight, accounted for by the 
molecular weight of the 18 amino acid peptide used for. the 
conjugation. No free SAP is evident, nor any evidence of more 
than one SP per molecule, of SA.P . The Western blotting of the 
conjugate with an anti-SP antibody indicates that the higher 
molecular weight species contains SP. The staining is removed 
upon reduction of the conjugate, indicating that the SP is linked 
to SAP by a disulfide bond, as planned. While the molecular 
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weight of SAP is 30,000 its migration in SDS-PAGE is aberrant 
because its high isoelectric point comprises- binding with SDS 
(23)/ 

Figure 2 shows electrophoresis of [ Sar^, Met ( O2) ^- ] -S P-SAP and SAP 
by methods described for Figure 1 , In Figure 2 Lanes A and B are 
stained with Coomassie . staining; lanes C and D are from Western 
blots using anti-SP, A) [Sar% Met (Oj) -SP-SAP, B) SAP, 
C) [Sar-, Met {O2) -SP, D) [ Sar^ Met ( 0, ) -S P-SAP under reducing 
conditions. The migration of [ Sar^, Met ( O2 ) "'^ ] -SP-SAP shows a 
single band. with a slight increase in the molecular weight, 
accounted for by the- molecular weight of the 18 amino acid 
peptide used for the conjugation. No free SAP is evident, nor 
any evidence of more than one CYGGGGGG- [ Sar^, Met ( O2) -SP (SEQ ID 
NO. 3) per m.olecule of SAP. The Western blotting of the 
conjugate with an anti-SP antibody indicates that the higher, 
molecular weight species contains SP (SEQ ID NO. 3) . The species 
is removed upon reduction of the conjugate, indicating that the 
CYGGGGGG- [Sar9, Met (02) 11] -SP (SEQ ID NO. 3) is linked to SAP by a 
disulfide bond, as planned. 

SAP activity is measured by inhibition of production of the 
activity of luciferase by cell-free protein synthesis directed by 
luciferase mRNA. Figure 3 shows the results *of this assay. This 
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assay shows that SAP in the conjugate retains its protein 
synthesis inhibition activity, though there is a reduction in 
activity. 

All reagents except samples are purchased from Promega (Madison 
WI). Reaction mixture consisted .of 7 pi of rabbit reticulocyte 
lysate, 30 mM amino acids, 100 ng luciferase mRNA and sample at 
indicated concentrations in 10 j-il volume. Reaction mixture is 
incubated for 30 minutes at 30°C. Relative light units are 
measured by Luciferase x^ssay Reagent in a Berthoid Lumat LB9501 
luminometer according to manufacturer's instructions. 

In this assay, SAP has an ED50 of approximately 4 pM. Comparison 
with literature values of saporin activity .is favorable: 
reference (24), EDcq = 30 pM, reference (22) ED^q =25 pM. Others 
(25) have shown that a mutein of SA.P, Cys"^-SAP, has equal 
activity to SAP. 

Homogenate is prepared and binding performed as previously 
described (25) . Briefly, iodinated SP at 150 pM is incubated in 
the presence of 100 nM of nonlabeled competitor (NKA: neurokinin 
A, NKB: neurokinin B) . Membrane-bound label is separated from 
free label by centrif ugat ion and measured with a gamma counter. 
Control is no addition of competitor. 



The competitive effect of SP-SAP on SP binding is seen in Figure 
4. The inhibitory effect of the peptide toxin was very similar 
to that of SP. Binding specificity was shown with controls of 
SAP and neurokinin B, which showed little or no inhibition of 
iodinated SP binding (neurokinin A has significant interaction 
with the^NK-lR in this assay). We conclude that SP-SAP retains 
complete binding to the NK-IR. 

Cytotoxicity Assay: Dr. Nigel Bunnett provided KNRK cells that 
have been transfected with the rat NK-IR (27). These cells 
express approximately 80,00.0 receptors that bind SP with a Kd of 
6 nM (28) . SP is internalized by the receptor in these cells. 
We tested SP-SAP against these cells and against KNRK cells that 
have not been transfected and that do not express the receptor. 
When challenged with SP-SAP, cytotoxicity is seen in a dose- 
dependent manner in the transfected cells; no cytotoxicity is 
seen at the same levels with the non-transf ected cells (Figure 
5) . The data reveals the potency of targeting SAP with Substance 
P.* Because SAP has no method of internalization, it has a rather 
weak ED50 of about 1 mM. Entrance to these cells by SAP is 
probably due to bulk-phase endocytosis. When targeted with 
substance P, SAP becomes approximately 500-fold more toxic (ED50 



of about 2 niM) to the target cells, while maintaining low 
toxicity to non-target cells. 

Cells^ either KNRK cells transfected with the NK-IR (28) , or n.on- 
transfected FCNRK cells (American Type Culture Collection, 
Rockville MD) were plated at 2500 cells per 90 ?1 in triplicate 
in wells /of a 96-well plate. Cells were allowed to attach 
overnight and then samples were added at the indicated 
concentrations and incubated for 48 hours. MTS (Promega, Madison 
WI) and phenazine methosulfate (Sigma) were added according to 
distributor is (Promega) instructions and incubated for one hour. 
Optical density was measured at 490 nm and compared to standard 
wells with addition of phosphate-buffered saline. In the case of 
inhibition studies with anti-SP, anti-SP was preincubated with 
SP-SAP for 30 minutes before addition to cells. Standard 
deviation for all points was less then 10%. Additions to 
transfected cells: SP-SA.P; SAP; SP; an equimolar mixture of SP 
and SAP. Figure 5 shows SP-SAP addition to non-transf ected KNRK 
cells. 

KNRK cells transfected with_the NK-IR were challenged as 
described in Figure 5. As shown in Figure 6, lane A: no addition 
control; B: 1 nM SP-SAP; C-G contain 1 nM SP-SA.P; C : 0.1 pi 
anti-SP; D: 1 pi anti-SP; E: 0.1 mM SPa; F: 1 mM SPa. In G, SP- 
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SAP was prs-incubated with 5 nuM dithiothreitol for thirty minute: 
and then diluted for assay at 1 nM. In the case of competitive 
inhibition studies with 'peptide , peptide was added 30 minutes 
before SP-SAP. SPa is an N-terminal-extended analog of 
fSarSMet (0.) -SP (19) . 

Further evidence that the cytotoxicity is mediated by SP is 
provided by more experiments with the NK~lR-bear ing cells, seen 
in Figure 6. Polyclonal rabbit anti-serum to SP inhibits, in 'a 
dose-dependent manner, the cytotoxicity of SP-SAP (Figure 6C, D) 
presumably by interfering with the ability of SP to bind to its 
receptor. Excess agonist of SP is also able to inhibit the 
cytotoxicity in a dose-dependent manner (Figure 6E, F) . Finally 
pretreatment of SP-SAP with a reducing agent, which will break 
the covalent bond between S? and SA.P, completely eliminates- the 
cytotoxicity. These data are powerful demonstrations that the 
cytotoxicity of SP-SA.P is mediated through the binding and 
internalization of SP and the conjugated SxAP by the NK-lPv. 

The cytotoxicity of [Sar^, Met ( O2) -SP-SAP to cells that express 
the NK-IR have been examined^. iMethods are the same for Figure 5 
The results are seen in Figure 7. [Sar^, Met ( O2) -SP-SAP has 
similar cytotoxicity to NK- IR-expressing cells as SP-SAP. It ha 
no effect on cells that do not express NK-IR. MTS (Promega) was 
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added according to manuf actureris instructions for one hour and 
absorbi^nce at 490 nm was recorded and normalized to untreated 
control well values'. 

In vivo data has been obtained that shows the proposed construct, 
[Sar^, Met (O2) -SP-SAP, is more active in vivo than 3P-SAP, both 
after striatal and spinal intrathecal injections. Observations 
of- rats with spinal intrathecal injections of [ Sar^, IMet ( O2 ) -3 P- 
SAP show reduced sensitivity to painful stimuli. 

Figure 12 shows a recombinant form of saporin and substance P 
expressed in a recombinant protein expression system with the 
sequence of saporin, an appropriate linker and substance P that 
terminates with an additional glycine after Met^^. The purified 
expressed protein is then converted to the amide with an 
appropriate enzyme, e.g. peptidylglycine-a-amidat ing 
monoxygenase . 

Figure 12A is the actual procedure for the synthesis of SP-SAP. 
SP- is Substance P, a peptide with the sequence: RPKPQQFFGLM-amide 
(SEQ ID No. 4). 1 is the r ibosome-inactivat ing protein saporin, 
from either the native source, Saponoria officinalis, or ' the 
recombinant form, derivatized with a reagent that introduces a 
sulfhydryl group such as 2-iminothiolane or pyr idyldithio- 



propionate. Figure 123 is a procedure for the synthesis of 
[Sar% Het (0,) -SP-SAP. . [ Sar^ Met ( O2) SP is substance P with 
the amino acid sarcosine at position 9 and methionine at position 
11. Figures i2C, 12D and 12F are methods for the synthesis of 
SP-3AP or [SarSMet (O2) -SP-SAP. 2 is the recombinant saporin 
with a cysteine incorporated into the sequence. 

1.. Striatal injections 

Five adult, male Sprague-Dawiey rats were pre.s sure -microin j ected 
with [Sar^, Met ( O2) -SP-SAP into the striatum. All rats were 
observed for open field ambulation; no consistent changes were 
observed after immunotoxin injection. Four rats were sacrificed 
and brain sections processed to analyze the effects of 
[Sar^, Met (O2) ] -SP-SAP on striatal neurons. In all 4 rats, there 
was significant loss of neurons staining immunohistochemically 
for the NK-lPv. In the 2 rats injected with 4.35 ng of 
[SarS Met ( O2) -SP-SAP, >90% of the striatal area in frontal 
sections through the injection site was devoid of NK-1R+ neurons. 
In- one of the rats injected with 2.17 ng, the area devoid of NK- 
IR was 70-30% of the striatal area at the level of the injection 
site, but in the other rat, the injection site was medial and 
affected only the medial half of the striatum. In all 3 rats 
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with accurate injections, the region of loss of NK-IR staining 
extended chroughout the rostral-caudal extent of the striatum. 

Neurons staining for choline acetyltransf erase also were 
undetectable in the same region as that in which the NK-LR stain 
was absent. In sharp contrast, neurons stained for parvaibumin 
were present in abundance throughout the striata of injected 
rats. Indeed, neurons stained for parvaibumin could be seen 
within a few \iM of the injection track. Cresyl violet-stained 
sections showed good preservation of normal striatal 
architecture. The only consistent lesion seen in cresyl violet- 
stained sections was the damage from the pipette track. These 
results with [Sar^, Met (O2) -SP-SA? injections into the striatum 
show that [SarS Met (O2) -SP-SAP is active in vivo . 

These data indicate that Sar9, [Sar^ Met (O2) -SP-SAP may be 
useful to eliminate NK-lR-expressing neurons. Thus, it may be 
useful to cause loss of some pain sensation. SP-SAP may be more 
useful for elimination of lamina 1 neurons of the dorsal horn- and 
concomitant elimination of hyperalgesic pain. Both compounds may 
be useful in the elimination of acute hyperalgesic pain, 
depending on the dosage. 
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Experiments in Pain Models 

A subpopulation of dorsal root ganglion neurons synthesize (29- 
32) and transport (33) substance P (SP) to the spinal cord, where 
it is released upon noxious stimulation of the innervated 
peripheral tissue (34-36). Although SP has been shown to excite 
spinal cord nociresponsive neurons (37,33), the role that S? and 
the substance ? receptor (NK-IR) play in signaling nociceptive 
in-f ormat ion remains unclear. In. the normal animal, SP, upon 

i 

release from primary afferents, diffuses to and interacts 
primarily with NK- IR-expressing neurons located in lamina I of 
the spinal cord (2, 39-42) . A high proportion of spinothalamic 
and spinobrachial neurons located in lamina I express NK-IR 
(43^44), suggesting that these NK-lR-expressing neurons play a 
role in the ascending conduction of nociceptive information. 

To investigate the functions of lamina I NK-lR-expressing neurons 
in nociceptive signaling, we selectively ablated these neurons by 
infusing a cytotoxin conjugated to SP into the intrathecal space 
of the spinal cord in rats. When SP binds to spinal cord neurons 
expressing NK-IR, both SP and NK-IR are rapidly internalized 
(2,39-42). Using SP-induced internalization of NK-IR as a 
specific portal of entry into NK-lR-expressing spinal cord 
neurons, we armed SP with the r ibosome-inact ivating protein 
saporin (SAP). This substance P - saporin conjugate (SP-SAP) , 



like other saporin conjugates, must be internalized to exert its 
toxicity as it inactivates and ultimately kills cells by blocking 
protein synthesis (23,45). We performed a series of correlative 
in vitro and in vivc studies to determine the specificity and 
toxicity of SP-SAP, as well as functional changes in 
somatosensory processing, 

SP-SAP internalization and cytotoxicity was examined in primary 
cultures of neonatal rat spinal cord neurons where approximately 
15% of the neurons express NK-IR. A.ll procedures were approved 
by Animal Care Committee at the VA Medical Center and the 
University of Minnesota. Neurons were cultured from the spinal 
cords of IS-day embryonic Holtzman rats (Harlan Sprague Dawley, 
Madison, WI) . The whole spinal cord was dissected out of the rat 
and placed in 4°C Puck's saline supplemented with 40 mM glucose, 
50 mM sucrose, and 10 mM Hepes (DISC media, pH 7.4). The spinal 
cords were then dissociated by trituration (15-20 times) through 
a small bore serological pipet . The resulting cell suspension 
was centrifuged at 4°C for 5 min at 1500 rpm in a Sorvall RC-3B 
centrifuge (DuPont, Newtown, CT) . The supernatant was removed 
and the pellet resuspended in Dulbecco*s modified Eagle's medium 
(DMEM; Sigma Chemical Co., St. Louis, MO) plus 5%' equine serum 
and 5% calf serum (v/v) (Hyclone, Logan, UT) . The cell suspension 
was plated on poly-L-ornithine coated 2-well chamber slides at a 



density of 100, 000 cells/ml, and incubated at 37°C with S% CO2 . 
After 4 days the mitotic inhibitors, 5-f luoro-2 ' -deoxyuridine and 
undine were added. At • 7 days the media was replaced with DiMEM 
plus 10%- equine serum (v/v). The cells were incubated until 14 
days post-culture with media changes every 4th day. 

At day 14 post-culture, either saline or S?, SP-SA? conjugate or 
saporin (SAP) were added to a final concentration of 10"' M. The 
cells were incubated for 12 hr with the SP-SAP or SAP compounds 
at which- time the compounds were removed from the culture and 
fresh media was added. The cultures were then allowed to 
continue until the desired timepoints (2 hr, 1, 4, 7, and 10 
days) at which time the experiment was terminated and the cells 
were processed for immunohis tochemist ry by fixing for 20 min at 
22'^C with 4% formalin in a phosphate buffered saline solution as 
previously described (2,39-42). Both SP (10"' M) and SP-SA? (10"' 
M) induced a rapid and similar degree of NK-IR internalization 
that was blocked by 5 X 10"^ M of the non-peptide NK-IR 
antagonist FvP67580. Two hours following treatment with 10'"^ 1^4 
SP-SAP, but not lO""' M SAP, NK-IR internalization was visualized 
using an antibody that recognized NK-IR (Fig. 8A) and 
intracellular accumulation of SAP was visualized using an 
antibody that recognized SAP (Fig. 83). 



One day following SP-SAP treatment there was no significant .loss 
of cultured NK-lP.-iminunoreactive neurons although in the majority 
of -these neurons the NK^IR immunoreact ivity was localized within 
intracellular endosomes (Fig. 8C) .■ In contrast, one day 
following treatment with SP alone the majority of NK-IR had 
recycled to the plasma membrane. Thus, within 24 hours after SP- 
SAP internalization these neurons could no longer efficiently 
re-cycle NK-IR back to the plasma . membrane . Four days following 
SP-SAP treatment, there was an 82%- decrease in the- number of NK- 
IR-immunoreact ive neurons,, at - seven . days a 95% reduction, and at 
ten days there were no NK-lR-immunoreact ive neurons remaining in 
culture- Ac four and seven days post-treatment the surviving NK- 
IP.-immunoreact ive neurons showed shrunken cell bodies, diffuse 
NK-IR immunoreactivity throughout the cytoplasm (Fig. 8D) , and 
shortened dendritic processes. In contrast, nearby neurons that 
did not express NK-IR immunoreactivity, but did express the 
neuronal marker. Microtubule Associated Protein-2 (MAP-2), 
appeared morphologically normal. Treatment of cultured spinal 
cord neurons with saline, SP or SAP alone resulted in no 
significant morphological ■ or cytotoxic changes in either the NK- 
IR-expressing neurons or the non-NK-lR, MAP-2 immunof luorescent 
neurons . 



To estimate the placement of the intrathecal catheter and the 
poteatial spread of SP-SAP, 10 ]il of the dye Fast Green was 
injected with the end of the intrathecal catheter placed at L4 
and, 1 hour later, the dye had intensely labeled the spinal cord 
from spinal segments L2 - L5. Animals were anesthetized with an 
intramuscular injection of Ketamine (100 mg/kg) & Acepromazine (1 
mg/kg) arid placed in a stereotaxic frame. An 8.5-cm length of 
PE-10 tubing (inner diameter:. 0.28 mm, outer diameter: 0.61 mm), 
serving as an inflow cannula, was inserted into the subarachnoid 
space via an incision in the at lanto-occipital membrane. The 
cannula terminated in the caudal region of the lumbar enlargement 
(approximately L4). The spinal cord was superfused with 10 pi of 
either saline or 5.0 X 10"^ M SP, SAP or SP-SAP followed by a 5 
\il saline flush using a 25 pi Hamilton syringe. 5 min after 
spinal superfusion, the cannula was carefully withdrawn and the 
wound closed with 3-0 silk sutures. One hour following injection 
of 10 pi of 5.0 X 10"^ M SP-SAP, NK-IR internalization was 
observed in MK-lR-immunoreactive dendrites and cell bodies in 
lamina I of the spinal cord at spinal segments L2 - L5 (Figure 
9)". Internalization of NK-IR presumably reflected the sites 
where SP-SAP had bound to NK-IR and induced the internalization 
of both NK-IR and SP-SAP (2,39-42), Following injection of SP- 
SAP, a significant loss of NK-IR immunoreact ivity was first 
detected at 7 days after treatment. This loss of NK-IR 



irruuunoreactivity was confined to lamina I in spinal segments L2 - 
L5 and. the loss of NK-IR immunof luorescence " in lamina I was 
observed through 28 day's post-treatment (Figure lOB), which was 
the last tim.e point examined. In contrast, injection of saline, 
SP or SAP alone produced no change in NK-1Pn immunoreact ivit v in 
lamina I in spinal segments L2 - L5 at any of the time points 
examined' (Figure lOA) . 

Twenty-eight days following injection of saline, SP, SAP, or SP- 
SAP, spinal cords and dorsal root ganglia (L4.) were 
histologically exam.ined to determine which cell populations had 
been affected by these treatments (Table 2) . 

Immunohistochemist ry and fluorescent confocal microscopy was 
performed as previously described (46) using an MRC-1Q24 Confocal 
Imaging System (Bio-Rad, Boston, MA) and an Olympus BH-2 
microscope equipped for epif luorescence (Lake Success, NY) . For 
cell counts the spinal cords were cut in the sagittal plane 
whereas for immunofluorescence measurements the spinal cords were 
cut in either the sagittal or coronal plane. Both of the 
microscopes were set up as previously described (46,47). SPR was 
detected by a polyclonal rabbit anti-SPR antibody (1:5000; a kind 
gift from S. Vigna) raised against a 15 amino acid peptide 
sequence (SPR393.407) ^t the COOH-terminus of the rat SPR. SP was 
detected by a polyclonal guinea pig anti-SP antibody (1:1000, a 
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kind gift from J. Haggio) . Calbindin was detected by a 
monoQlonal mouse anti-calbindin antibody (Sigma, 1:300). 
Microtubule-associated protein (lMAP-2) was detected by a 
monoclonal mouse anti MAP-2 antibody (Sigma, 1:750). Choline 
acetyl transferase (ChAT) was detected by a monoclonal mouse 
anti-Chx2|,T antibody (Chemicon, 1:500). Glial Fibrillary Acidic 
Protein was detected by a polyclonal rabbit anti-GFAP antibody 
(DAKO, 1:450). OX-42 was detected using a monoclonal mouse 
antibody (Chemicon, 1:2,000). Saporin was detected by a 
polyclonal goat anti-Saporin antibody (Advanced Targeting 
Systems, 1:350). Secondary antibodies conjugated to fluorescent 
markers Cy3 (used with SPR, Calbindin, ChAT, GFAP, OX-42 and 
Saporin) and FITC (used with SP and iyiAP-2; Jackson) were used at 
1:600 and 1:150, respectively. All primary (overnight, 22°C) and 
secondary (3 hours, 22°C) antibodies were applied in cocktails 
with 1% goat serum and 0.3% Triton X-100 in PBS solution. 
Finally, the tissue sections were washed for 20 min in PBS (pK 
7.4, 22_C) , miounted onto gelatin-coated slides, and coverslipped 
using PBS-glycer ine containing 1.0% p-phenylenediam.ine to' reduce 
phbtobleaching . 

To determine the number of immunof luorescent cell bodies (Table 
1) the slides were viewed through a 1.0 cm^ eyepiece grid, which 
was divided into one hundred Imm x 1 mm units, and the total 
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number of immunof luorescent cell bodies/unit area were counted. 
To calculate SPR immunofluorescence intensity, images of the 60 
\im thick tissue sections were obtained with the BioRad MRC1024 
laser scanning confocal fluorescent imaging system and analyzed 
using NIH Image 1.7. 

Measurements were made of neuronal cell populations expressing 
the NPC-IR (labels lamina I, III-V, and the preganglionic 
sympathetic neurons at spinal segment TIO), calbindin (labels a 
subset of lamina I & II neurons), ChAT (labels motor neurons), 
substance P (labels cell bodies in the L4 dorsal root ganglia) as 
well as immunofluorescence for SP in lamina I (labels SP primary 
afferent inputs), MAP-2 (labels all neurons in lamina I), glial 
fibrillary acidic protein (labels astrocytes in laminae I) and 
OX-42 (labels microglia in lamina I). 

Table 2 Cytotoxicity of int rathecally infused saline, SP, SAP 
and SP-SAP in the L4 segment of the spinal cord at 28 days post- 
treatment. Cell numbers and immunofluorescence levels were 
determined using confocal microscopy. In all cases the saline, 
SP and SAP animals were not .significantly different from normal 
untreated control animals and thus, we have listed only the 
values for the saline, SAP and SP-SAP infused animals. The only 
significant difference in the SP, SAP or SP-SA? treated animals 



vs. saline treated controls was the loss of lamina I SPR- 
immuno.react ive neurons and the loss of SPR-immunoreact ivit v in 
lamina I of the spinal cord in the SP-SAP treated animals. .All 
data points represent an n = 6 and are expressed as mean +/- 
s.e.m. and significant differences calculated by a one-way ANOVA 
and Bonferroni comparisons (* denotes P < 0.01) . 



Treatmen" 
(neuronal cell oooulation) 



.Percent immunoreact i ve positive cells 

(saline = 100) 



SPB. (laminae .1 and II) 
SPR (lamina III and IV) 



S? (ORG) 



Caibindin (laminae I and II) 
ChAT (motor neurons) 



saline 
100 ± 27 
100 12 
100 ± 23 
100 ± 10 
100 ± 16 



SA 



80 X 
79 ± 
91 ± 
96 ± 
116 X 



16 
13 
11 
7 



24 



SP-SAP 
15 ± 13* 
86 ± 13 . 
103 ± 13 
93 ± 9 
107 ± 11 



Treatment 
(neuronal cell oopulation) 



Percent immunofluorescence level cells 



SPR (laminae I and II) 



SPR (preganglionic sympathetic) 
SPdamin-ae I and II) 



GTA.? (lamina i) 



MAP- 2 (lamina I) 



100 ± 9 
100 ± 14 
100 ± 24 
100 ± 11 
100 ± 12 



95 ± 3 
100 ± 9 

96 ± 3 
90 ± 13 
100 ± 14 



65 t 8* 
92 ±. 7 
97 ±, 13 
116 ± 7 
100 ± 17 



Statistical significance from control (P < O.Ob) . 



Examination of neuronal markers and immunofluorescence intensity 
values showed that the only significant changes observed at 28 



50 



days post-treatment with saline, SP, SAP, or SP-SAP was that SP- 
SAP treatment reduced the number of lamina I" NK-lR-immunoreactive 
neurons in lamina I and ' in the levels of NK-IR immunofluorescence 
in lamina I (Figure 10 & Table 2) . Infusion of SP-SAP produced 
an 85% reduction in the number of NK- IR-immunof luorescent neurons 
in lamina I at spinal cord segment L4 . The surviving 15% of the 
lamina I -immuncreactive neurons showed shrunken cell bodies, 
shortened cell processes and NK-J.R immunoreact i vi ty that was 
diffusely distributed throughout the cytoplasm with little NK-IR 
present- on., the plasma membrane. In contrast, there was not a 
significant reduction in the total number, or evidence of 
cytotoxicity, in NK-lR-immunoreactive neurons located in lamina 
III - V or X at the L4 spinal segment or in preganglionic 
sympathetic neurons at spinal segment TIO (Table 2). 

Examination of the spinal cords treated with saline, SP, or SAP 
alone showed that these treatments did not produce a significant 
change in cell number, morphology or fluorescence level of any of 
the cell markers examined (Table 2). Thus, the cytotoxicity of 
intrathecall v-inf used SP-SAP was lim.ited to the NK-lR-exoressino 
lamina I neurons in spinal s.egments .L2 - L5 . 

Intrathecal infusion of saline, SP, SAP, or SP-SA.P produced no 
detectable changes in body weight, food intake, alertness, 
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locomotion or grooming behavior for 28 days after injection. 
Behavioral ■ test ing indicated that all animals had normal 
withdrawal latencies to' heat applied to the plantar surface of 
the hindpaw prior to treatment with capsaicin. Measures of 
nocifensive behavior and hyperalgesia produced by intraplantar 
injection of capsaicin were obtained as described previously 
(48). Hyperalgesia is defined as an increase in withdrawal 
responses. The capsaicin model of hyperalgesia used in these 

4 

experiments was chosen as it has been well characterized, it 
clearly produces hyperalgesia in humans and it is the only model 
of hyperalgesia that can be used in parallel animal and human 
studies. Capsaicin (Sigma Chemical Co., St. Louis, MO) was 
dissolved in a vehicle of 7.5% polyxyethylene sorbitan monooleate 
(Tween-80) and saline, and given into the plantar surface of one 
hindpaw. Each animal received one injection of 10 g in a volum.e 
of 10 1. The duration of nocifensive behavior, defined as • 
lifting and guarding the injected paw, was measured for the first 
five minutes after injection. 

Withdrawal responses to heat were determined using a procedure 
previously described (49). ^Rats were placed under a non-binding 
cage on a 3-mm thick glass plate which was elevated to allow 
maneuvering of a radiant heat source from below. Controlled 
radiant heat stimuli were applied to the plantar surface of the 
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hindpaw using a 50-watt light bulb placed in a custom buxlt case. 
The s.tart of each trial activated a timer and withdrawal 
latencies to the nearest 0.1 sec were measured automatically by a 
photocell which terminated each trial and stopped the timer upon 
withdrawal of the paw. Four stimuli, spaced at least 1 min 
apart, were applied to each hindpaw. Withdrawal latency for each 
paw. was defined as the mean latency of the last three trials. ■ 
The intensity of the heat was adjusted and maintained to produce 
Withdrawal latencies of approximately 12 seconds under normal '• 
conditions. Heat • hyperalges.ia was def ined . functionally • as a 
decrease in the withdrawal latency. 

To measure withdrawal responses to mechanical stimuli, rats were 
placed under a clear plastic cage on an elevated plastic mesh 
floor (1 cm- perforations). A von Frey monofilament with a 
bending force of 95.0 mM was applied to the plantar surface from 
below the floor. • The stimulus was applied 10 times, each for a 
duration of 1-2 seconds, at random locations on the plantar 
surface. The rrequency was determined for -.each hindpaw. 
Mechanical hyperalgesia was defined as an increase in withdrawal 
response frequency. 

In untreated rats, intraplantar injection of 10 g of capsaicin 
produced nocifensive behavior for a duration of approximately 3 



min and produced approximately a 50% decrease in withdrawal 
latency to heat and a 40 - 60% increase in the frequency of 
withdrawal from the m.echanical stimuli (48, 50). Animals 
pretreated with SP-SAP exhibited a significant attenuation of • 
mechanical (85% decrease at day 28) and heat (50% decrease at day 
28) hyperalgesia produced by intraplantar injection of capsaicin 
(Figure 11). Additionally, there was a profound reduction (75% 
decrease at day 2.8) in the nocif^nsive behavior induced by 
unilateral injection of capsaicin into the hindpaw at days 1, '14, 
and 28 after intrathecal pretreatment ( Figure ' 1 1 )' . Incontrast, 
infusion of saline, SP, or SAP produced no significant change in 
mechanical or thermal hyperalgesia, or in nocifensive behavior * 
produced by capsaicin when compared to normal untreated animials 
in any corresponding time point examined (Figure 11) . 

Although we ablated only the NK-lR-expressing neurons, which 
constitute less than 10% of all lamina I neurons (2,40), 
capsaicin-induced nocifensive behavior and mechanical and thermal 
hyperalgesia were- depressed by 60 - 90% (Figure 11) . Our 
assumption is that intrathecal infusion of SP-SAP is more 
cytotoxic to NK-lR-expressiag lamina I cells than NK-IR- 
expressing cells in laminae III-V because further spread of 
bioactive SP-SAP into deeper laminae was prevented by degradation 
of the SP moiety by characterized proteases. One reason that 
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ablation of such a small percentage of lamina I neurons could 
produce such a large change in behavioral nociceptive responses 
may be that, as the majority of lam.ina I spinothalamic and 
spinoparabrachial neurons express NK-IR (43,44) and .internalize 
SP-SAP, SP-SA? treatment is ablating a major part of the system 
for the ascending conduction of nociceptive information. 

it- has been demonstrated that hyperalgesia produced by capsaicin 
is m.ediated in part by sensitization of spinothalamic neurons -and 
that SP is involved in the excitation and sensitization of 
spinothalamic neurons (51-53) and the- development of hyperalgesia 
(54-57) . However, it has been surprisingly difficult to block 
noxious stimulus-evoked pain behavior with either SP antagonists 
(58-60) or "knock-out" of NK-IR in mice (61). In the present 
study we have not blocked or inactivated only MK-IR, but rather 
we have killed a specific population of NK-lR-expressing cells 
that also' express a variety of other neurotransmitter receptors 
(61). These data suggest that while this small population of NK- 
IR-expressing neurons is -pivotal in the maintenance of 
hyperalgesia, a variety of other non-NK-lR expressed by these 
neurons are also involved in nociceptive signaling and that 
elimination of these neurons can eliminate the transmission of 
chronic pain. 
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turther experiments have shown that the elimination of the NK-lR-f 
neurons eliminates chronic pain in other models of both 
inflammatory and neuropathic pain. In one of these models, the 
chronic pain was established previous to treatment with SP-SAP. 
In this model (62), tight ligation of txhe rat L5 and L6 spinal 
nerves result in a long-lasting mechanical allodynia that is 
present 7 days post-ligat ion . After SP-SAP treatment, the 
chronic pain transmission was inhibited- In addition, 200 days 
after the treatment with SP-SAP, the effect of inhibition of ' 
chronic pain transmission is still present, with no formation of 
a central pain state that can appear after spinal cord surgical 
intervention, a common treatment of chronic pain (63). 

Chronic, neurophathic pain: Although the mechanism (s) by which 
nerve injuries produce chronic pain is not entirely clear, 
several hypotheses have involved a central role for substance P. 
Certainly, clinical manamgement and patient responses to 
treatment of chronic neurophathic pain are very difference from 
acute pain-. .The models we propose to study involve sciatic nerve 
transection in midthigh similar to our previous studies of 
sensory plasticity and sciatic nerve ligation in midthigh. In 
rats with sciatic transections, suppression of automony will be 
taken to indicate decreased pain. A.lthough there is some dispute 
about the precise relationship of autotomy to human experience, 
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the current consensus" is that it does relate to such clinical 
problems as phantom limb pain. SP also has ' been implicated in 
the development of mechanical allodynia seen with sciatic 
ligatures. This may reflect" the hyperpathia seen in some 
patients with neuropathic pain. 

The findings of this experiment are of great importance to any 
possible therapeutic use of SSP-SAP in patients who have 
neurophathic pain, a common clinical situation. Our hypothesis 
is that destruction of lamina I NK-lR-i- neurons will diminish 
autotomy by preventing rostral propagation of inapproriate neural 
activity. 

The formalin test has made important contributions to the battery 
of tests used in basic pain research. -It is considered to be one 
of the standard animal models of nociception that occurs in 
humans . 

I.n conclusion, results here indicate that SP-SAP and 
[S-ar^ Met (O2) -SP-SAP are important agents in the control of 
chronic pain. This could have a great impact on the. many types 
of chronic pain that are now untreatable or intractable. 
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